The Pre-Pottery Neolithic A (PPNA) period in South-west Asia is essential for our understanding of the transition to sedentary, agricultural communities. Developments in architecture are key to understanding this transition, but many aspects of PPNA architecture remain elusive, such as construction techniques, the selection of building materials and the functional use of space. The primary aim of the research described within this contribution was to build a PPNA-like structure in order to answer questions about PPNA architecture in general, while specifically addressing issues raised by the excavation of structures at the site of WF16, southern Jordan. The second aim was to display a 'PPNA' building to visitors in Wadi Faynan to enhance their understanding of the period. The experimental construction based on one of the WF16 structures showed that (1) required materials can be acquired locally; (2) a construction technique using mud layers as described in this paper was most probably used; (3) flat, or very slightly dome-shaped, roofs are functional and can also be used as a solid working platform; (4) the WF16 small semisubterranean buildings appear inappropriate for housing a nuclear family unit.
Introduction
Excavations at the Pre-Pottery Neolithic A (PPNA) site WF16 in southern Jordan (Figs 1, 2), currently dated to c. 11,600-10,200 cal BP (Mithen and Finlayson 2007) , uncovered a range of structures (Figs 2, 3) . Most of these are 'typical' for the period: relatively small, semi-subterranean, elliptical in shape, with mud wall lining and mud-plaster floors (Figs 3-5; Finlayson et al. 2011b) . Other structures, however, provide novel architectural features for the PPNA, especially with regard to size and internal organization (Finlayson et al. 2011a; 2011b; Mithen et al. 2011) . To gain further insight into various aspects of PPNA architecture and to present an example to both local and international visitors, a replica, better termed a 'construct' (Reynolds 1999: 159; Stone and Planel 1999: 1-2) , of one of the WF16 structures was built in the autumn of 2010.
Although the PPNA period in South-west Asia is recognized as being fundamental to our understanding of the transition to a sedentary agricultural society, numerous aspects of its architecture are poorly understood, notably the specifics of the construction techniques (Dennis et al. 2002) . What kinds of materials were required and in what quantities? What construction techniques were used? How much time/labour was required? While the evidence available suggests flat roofs made of mud supported by reeds and wooden beams were used, clearly by the Pre-Pottery Neolithic B (PPNB) (Kinzel 2004; Purschwitz and Kinzel 2007) , and as we argue below, probably in the PPNA at WF16, it is necessary to explore whether such roofs would have been strong enough to carry people or potentially upper storeys. In addition, the maintenance and decay of PPNA buildings are of interest for understanding their potential longevity, which has a bearing on our ideas about sedentism and the interpretation of settlement data. Monitoring the decay of 'constructs' is essential for understanding archaeological site taphonomy; it is regrettable that, while most tell sites in the Near East consist in a large part of degraded building material, little is known about the degradation process itself (Friesem et al. 2011 (Friesem et al. : 1135 .
The primary objective in building a WF16 construct was to improve our understanding of PPNA earthen architecture. Although some experimental building of prehistoric structures has taken place in South-west Asia, such as at PPNB Beidha in Jordan (Dennis 2003a; 2003b; Dennis et al. 2002; Finlayson et al. 2003b) , and Chalcolithic Lemba on Cyprus (Thomas 2005) , no PPNA structures have been been reconstructed. The value of most of these existing experimental buildings for the PPNA is limited because of the use of wet applied mud (or pisé), rather than mudbrick within the PPNA period, as exemplified at WF16 (Watson (1979) provides an ethnographic account for the use of pisé and experimental work is described by Thomas (2005) ).
The second objective of the current study was to present PPNA architecture to the wider public, both local residents and tourists visiting Wadi Faynan. The WF16 excavation trenches have been backfilled to protect the fragile archaeological remains; even if exposed these would be hard to interpret for most visitors. A construct can help people visualize what a PPNA building would have looked like. WF16 and its replica building are planned to form part of the Neolithic Heritage trail that is being established in the Greater Petra area in southern Jordan, together with the PPNB sites of Ghuwayr 1 (located just a few hundred metres from WF16), Basta, Beidha and Shkârat Msaied. Many 'reconstruction' projects are conducted to provide examples of past structures for the public and/or for educational purposes, in addition to the academic aims of experimental archaeology (Stone and Planel 1999) . The combination of both the research and public archaeology objectives is important, because experimental archaeology, and especially the building of constructs, is often a compromise between the ideal requirements of the two aims (see Dennis 2003a; Stone and Planel 1999) .
Building with mud-a general introduction
Sediment mixed with water and often with plant temper has been used as a building material since at least the Neolithic and remains widespread. Earthen buildings can be made from locally available materials, are relatively quick and easy to make, and are said to be cool in summer and warm in winter (Emery 2011: 1-2; Facey 1997; Fathy 1989; McHenry 1984) . They are, however, vulnerable to decay, mainly due to water, and therefore need frequent maintenance (Emery 2011: 2) .
In the Near East, the use of prefabricated, sun-dried mudbricks (or adobes) has been the most common method for constructing earthen buildings, but at several, especially Neolithic, sites, the mud appears to have been applied when wet (including at WF16, see below; e.g. Cauvin 1977; Kozlowski 1989: 27; Kozlowski and Kempisty 1990; Noy 1989; Samzun et al. 1989; Willcox and Fornite 1999) . In Near Eastern archaeology this is generally termed 'pisé', and involves building earthen walls by applying a mixture of sediment, water and often plant temper, in layers; each layer is allowed to dry before the next one is added on top. The term pisé is derived from the French pisé de terre, which refers to building with packed or rammed earth (Doat et al. 1979: fig. 2 ), while 'cob' is sometimes used for all forms of building for which earth was applied into a wall when still wet (Smith 2000) . As such, the use of the term pisé for applying (wet) layers of mud may not be completely correct (Thomas 2005: 5) ; nevertheless in this paper the term pisé will be adopted, following its conventional use in Near Eastern archaeology (e.g. Akkermans and Schwartz 2003; Newton 2004; Willcox and Fornite 1999) , and considering the lack of a more suitable term. Examples of wet mud building techniques include applying layers on a wall and walking over it to compress the mud, applying smaller amounts of mud mix on a wall and shaping it by hand, as well as pre-kneading balls of mud and putting these on the wall.
To make pisé, as well as mudbricks, a mixture of sediment that includes both sand and clay, water, and in most cases temper, such as chopped straw or chaff, is required. A wide range of sediments is suitable, or can be made suitable by adjustment. The sand and fine gravel components of the sediment form the aggregate of the mix (McHenry 1984: 48) . These neither shrink nor expand and give strength to the mixture, although Figure 2 The juncture of Wadi Faynan and Wadi Ghuwayr, looking south-east. The further knoll on the left hand side of the image is the location of WF16, with the knoll to the right the setting for the construct. too much can make the material crumble (Rosen 1986: 75; Smith 2000: 133) . Clay is plastic and sticky, and binds the mix (Keefe 2005: 37-39, 45-48; McHenry 1984: 48) ; nonetheless, too much clay will cause cracks, as it shrinks during drying. Clay-rich Egyptian sediments, for instance, were observed to shrink 30-37% during drying (Fathy 1989: 89-90; Spencer 1979: 3) . The proportions of sand to clay are therefore important. It is common practice to add botanical temper, such as straw, which also reduces cracking (Facey 1997: 84; Fathy 1989: 90; Keefe 2005: 57-58; Rosen 1986: 76) . In addition, the plant temper helps to bind the mix, making it easier to keep the wall in shape, and increases the tensile strength of the material (Keefe 2005: 57) . The use of plant temper has been attested archaeologically. The clearest examples come from sites in very arid regions, such as various Egyptian sites, where desiccated botanical remains are preserved in situ and where numerous plant inclusions have been found in building material, mainly of wheat and barley chaff (Cappers 2006; Flohr and Cappers 2008; Newton 2004; Smith 2003; Thanheiser 1999; van der Veen 2001) .
The archaeological evidence from WF16
The experimental structure was based on the PPNA structures at WF16; it was specifically based on Structure O11 (Fig. 5 ), but non-conflicting information and features of other structures were incorporated as well, such as the presence of a niche in the walls as in Structure O12 (Fig. 5) . Information regarding how the roof could have been made was based on well-preserved roof material from Structure O45 (Figs 5, 6 ) (see Finlayson et al. 2011b for a description of these structures and their context within the settlement).
Architectural features and construction techniques
Structures at WF16 were mostly small, semi-subterranean, circular to elliptical, with mud wall lining and mud-plaster floors (Figs 3-5; Finlayson et al. 2011b) . Structure O11 is a typical example of this, measuring about 3.5 m × 2.5 m, with a cup-hole mortar placed within its floor (Fig. 5) . The internal faces of the subterranean cut were lined with pisé, which was also used to construct the above ground walls, surviving to a height of c. 0.5 m. Several mud-plaster floors were exposed during excavation. Indications of a stone-lined ramp leading to an entrance were also found. Although the walls of Structure O11 have not been sectioned, and future analyses of wall sections will be required to show precisely how they were built up, our preliminary interpretation was that the mud wall had been shaped while wet. In addition to this use of pisé, in some of the other structures at WF16 pre-moulded and possibly sun-dried lumps of building material had been used in the above ground walls, most clearly visible in the rapid backfilling of Structure O33. The excavation of walls elsewhere at WF16 exposed stone foundations; we suspect that these might also underlie the unexcavated walls of O11. Evidence regarding how roofs could have been made comes from collapsed and burnt roof material found within Structure O45 (Figs 5, 6 ) (see Finlayson et al. 2011b) . Charcoal interpreted as deriving from roof beams indicated the use of timbers, mostly of around 5 cm, but up to 15-20 cm, in diameter (although the charcoal was heavily burnt). Reed impressions indicate that the roof further consisted of reeds covered with mud. The roofs at WF16 were probably flat. There is no evidence for pitched roofs: there are no central postholes or indications of posts that could have supported such roofs ( potential structural posts were only present in the large building O75). The existence of flat roofs is further supported by the fact that the beams found in O45 appear to form a frame, especially well visible in the east part of the structure (Fig. 6 ). In addition, chipped stone debris was found on surviving roof surfaces (and not within their fabric, indicating the chipped stone had not been incorporated in the roof mud by accident) (Finlayson et al. 2011b) , showing that the roof was likely used as an activity surface.
Around Structure O45 a low ramp of loose earth was observed, apparently effectively raising the ground level around the structure above its semi-subterranean part. It is not clear if this was a structural feature, but the sediment appeared too loose to have been derived from roof or wall wash. In addition to future microstratigraphic analyses, the experimental work reported here (see below) is designed to help establish the function (or cause) of this ramp with more certainty.
Materials
The mud walls and floors of WF16 structures contained on average 9% clay, 51% silt and 40% sand (Elliott 2010) . In addition, the walls contained plant temper. Voids from plant material were observed with the naked eye, and this was confirmed by micromorphological analyses. Wall pisé samples showed 10-30% voids formed by plant material that has since decayed (Elliott 2010; 2011) . The floors on the other hand only contained a very small percentage of voids representing decayed plant material (Elliott 2011) .
While it is so far unclear what plant species were used as temper at WF16, the use of cereal chaff and straw as temper in pisé in the Neolithic has been observed at other South-west Asian sites. Voids in pisé from the PPNA site of Dhra' showed straw and probable barley glumes (Finlayson et al. 2003a: 20-21; Kuijt and Finlayson 2009: 10967) . Plant impressions were also abundant in pisé of the PPNA site of Jerf el Ahmar in Syria and consisted of cereal chaff (of wild einkorn, wild barley and wild rye) (Willcox and Fornite 1999) . In addition, charred rye and barley remains were found in pisé from Mureybet (Willcox and Fornite 1999) . It is likely that the inhabitants of WF16 had access to grasses to use as temper, and possibly to cultivated wild barley. The latter has been observed in the vicinity of the site in spring, and the Early Holocene is in general believed to have been wetter than the current climate (Robinson et al. 2011) , including in the Wadi Faynan area McLaren et al. 2004; Smith et al. 2011 ).
The construct-rationale

Architectural features and construction techniques
The experiment aimed to use similar materials and construction techniques as utilized at PPNAWF16, but did not attempt to use traditional tools and made use of modern transport. Modern tools were used, such as shovels to dig the pit and mix the mud mixture, pickaxes to mine to soil, and plastic containers to move materials. While these are not realistic replacements for PPNA tools, which would presumably have consisted of stone and wooden implements and baskets or skins, this experiment was focused mainly on the architecture and not the working methods. The knoll to the immediate west of that on which WF16 is situated was chosen as the location for the construct (Figs 1, 2). Previous fieldwork (Finlayson and Mithen 2007; Mithen et al. 2007a) had shown there are no archaeological remains on this knoll.
As explained above, the experimental structure was based on Structure O11 from WF16 ( Fig. 5 ), but nonconflicting information and features of other structures were incorporated as well, especially roof evidence from Structure O45.
As the evidence at WF16 points at the use of pisé for the majority of the walls (see above), this material was used to line the pit walls of the construct. Because premoulded lumps were also observed at WF16, and as loaf-shaped mudbricks have been observed at other PPNA sites in the southern Levant, such as at Gilgal, Netiv Hagdud and Jericho (Bar-Yosef 1995: 192) , it was decided to use these in the building process as well. This had the additional advantage of allowing for a comparison of these different techniques.
Based on the evidence from Structure O45 (Fig. 6 ), it was decided to build a roof of wooden beams and reeds, covered with mud. PPNB structures at Ba'ja and Shkârat Msaied show evidence of flat roofs made of similar materials (Gebel and Hermansen Seeden 1985) , although dome roofs made of mudbricks have also been observed in the wider region (observation Pascal Flohr, Syria, 2003) . The evidence for flat roofs at WF16 appears fairly strong and there is no archaeological evidence at the site for pitched roofs. Moreover, when experimental roofs with a steep angle were built at Beidha, the mud was washed away by rain (Dennis 2008) , while flat roofs were damaged by puddles of standing water (observation Bill Finlayson). The archaeological evidence at Beidha does, however, indicate that slightly pitched roofs were utilized (Dennis 2003a: 43) , and experimental pitched roofs with a relatively shallow angle survived several years of winter rains (Dennis 2008; observation Bill Finlayson) . This impression had been confirmed in discussions with traditional builders in northern Cyprus, who argued that very slightly domed surfaces sufficed to shed water at a sufficiently low energy to avoid the erosion problems of a pitched roof. The mud of the WF16 construct was shaped in a slight dome; in this way it will be possible to explore whether this is indeed sufficient to let the rainwater run off. In the construct the walls support the roof. As no structural postholes were present in most of the WF16 structures this is consistent with the archaeological record. It has been argued that PPNA roofs would have been supported by posts instead of the walls (e.g. Banning 2003 ). This experiment aimed to test whether walls of around 20 cm wide, as observed at WF16, are able to support a wood and mud roof.
To test whether the low earthen ramp around Structure O45 at WF16 was structural or taphonomic, a ramp was placed around the construct too. A comparison between the loose earth of this ramp and the likely more solid wall and roof wash that is expected to form on top will allow us to better distinguish between these in the archaeological record.
Building materials
Based on the analysis of archaeological samples of building material from WF16 (Elliott 2010; 2011; see above) and ethnographic examples, it was decided to use a mixture of sediment, water and plant temper. Materials for the construct were sought close to the building site. In ethnographic sources, the material used for earthen buildings was generally derived from a nearby location (Damluji 1992 ; references in Friesem et al. 2011; Horne 1994; Watson 1979) . Because the key materials are heavy to transport, and because a wide range of sediments can be made suitable for pisé (see above), it is assumed that at WF16 the building materials were locally derived.
The only commodities that could not be locally found at the time of construction were cereal straw and chaff. Nonetheless, the decision was made to use barley and wheat straw, because of the archaeological evidence indicating its use at other Neolithic sites (see above). Moreover, wild grasses have been observed on and close to the site of WF16 in spring, including a variety of wild barley. The absence of grasses close to the site at the time of the experimental construction in early autumn can simply be explained by the fact that their growing season in the region is from late autumn to spring.
Availability of materials
Stones
Stones of various sizes were available on the knoll where the construct was to be located and from the wadi bed of the nearby Wadi Ghuwayr. As the knoll of WF16 is, like the knoll of the construct, a gravel river terrace, inhabitants of WF16 would have encountered such stones when digging pits for their structures.
Sediment
The aim was to find a sediment source close to the site that would be as similar to WF16 architectural sediment as possible. The analyses of the sediment composition of ridges south of WF16 showed that these were broadly comparable in clay, silt and sand content, but had relatively high gravel contents (Elliott 2010) . The sediment at the building site itself proved to be unsuitable for the same reason. Sediment from the floor of the nearby Wadi Ghuwayr was also comparable to the WF16 samples (Elliott 2010) , but was too limited in availability for the quantity required for the construct.
To find another suitable sediment source, samples of sediments in the immediate surroundings of WF16 and the building site were taken. These were tested for their stickiness (i.e. whether or not they contained enough clay), sand content, and compactness and friability when made into mudbricks. Sediment from one of the wadi terraces of the Wadi Ghuwayr (Figs 2, 7) proved to be most suitable. It was mined using pickaxes and transported to the experimental site in a pickup truck.
Water
Water is currently present all-year round in the Wadi Ghuwayr (Fig. 7) . During the construction, which took place in October, no water was present in the wadi where it ran past the site, but it was available just a few hundred metres upstream. For practical reasons most of the water actually used in the construct was taken from a tap in a house in the nearby village, with the wadi water only being used for additional water required during the day. Water was transported to the site in large plastic containers in a pickup truck.
Botanical temper
Barley straw and chaff (with a little wheat straw and chaff) were used as organic temper in the construct. Bags of chopped straw and chaff were purchased in a nearby village, where they are sold as animal fodder. As discussed above, grasses are available near the site in spring, while other plant species were growing in the vicinity of the site at the time of the experimental work.
Wood and reeds
The wooden beams for the roof were also derived locally. Because of the present day scarcity of wood due to the climate and intensive grazing, official permission is required in Jordan to fell any trees (Dennis 2003a: 44-45) , so wood was bought, from a local farmer. Tamarisk (Tamarix sp.) wood was used, available in timbers around 8 cm and 12-14 cm in diameter. Tamarisk is local to Wadi Faynan and represented in wood charcoal from WF16 (although the charcoal of the found roof beams has not yet been identified to species).
Reeds, also used in the roof, can be found close to the site, a few hundred metres upstream along the Wadi Ghuwayr (Figs 2, 7) . Because permission is also required to cut reeds, previously cut reeds and purchased reed mats were used.
Preparing the materials
Sediment, water and plant temper were mixed together in a ratio of two parts sediment with one part water and one part temper. Some initial experimentation was undertaken to decide upon the quantity of temper that appeared to minimize cracking of the pisé during drying. The quantity of water was determined pragmatically to produce a relatively thick mix that could be applied almost immediately. The mixing was done next to the construct and was undertaken by using shovels, as well as by trampling. The mixing of mud was generally done in batches of about 200 litres of sediment, 100 litres of water and 100 litres of plant temper at a time, and was a process that needed to be repeated numerous times throughout the construction (Tables 1, 2) .
The experimental mudbricks were made using the same mix. They were shaped by hand and dried in the sun. Because of the handwork the size and shapes of the mudbricks used in this project varied, but generally they measured around 28 cm × 17 cm × 6 cm. For mortar and mud-plaster the same mixture was used again, only made wetter so that it could be easily shaped. The mix for the floor was made in the same way as the general mix, but without adding plant temper, as floors at WF16 generally contained only a very small percentage of voids representing decayed plant material (Elliott 2011; see above) .
Construction
Construction took place in the following phases:
(1) an oval pit of 2.5 m × 3.5 m and 1.2 m deep was dug (Fig. 8) . This took around 73 person hours in total, or 2 days with six to eight people (Table 1) . (2) a cup-hole mortar was placed in the middle of the pit. It was necessary to do this at this stage, in order to avoid damaging the walls later on.
(3) a foundation layer of boulders (each up to 0.2 m in length) was laid around the edge of the base of the cut (Fig. 9 ). (4) the stone foundation was covered with a first layer of the mud mix. When this layer was leather-hard, i.e. dry enough not to collapse when additional weight was applied, but not so dry that the next layer would not stick to it, a second layer was applied. This sequence was repeated until the top of the pit was reached, every time applying a layer of 10-15 cm (Fig. 10) . Each layer, containing around 140-150 litres of mud, took three people around one hour to apply. Although individual members of the team developed their own preferences, in general the mud was applied by either kneading it in the hand and subsequently pressing it onto the wall, or by putting some mud on the wall and pressing hard into it. A niche was made within the wall with flat stones. When parts of the wall began to become too thick where they bulged inwards because of the weight of wet mud and because the edges of the pit cut sloped slightly outwards, the wall was realigned by stepping the next layer in. In the northern part this was done once, in the southern part twice (Fig. 11) . (5) a ramp was made on the south-eastern side of the building, to lead to the entrance; it was constructed by setting boulders in mud (Fig. 12) . The digging of the ramp took two to three people less than an hour, the construction took one person about 2 hours. (6) at the same time (contemporaneous with steps 4 and 5), 210 mudbricks were formed and sun dried. Once the wall below the ground surface was complete (Fig. 12 ) these bricks were laid lengthwise (with the long side in line with the building, i.e. the short side perpendicular to the building) in six to seven courses each one brick thick, bound together by mortar, to form a c. 40 cm high wall on top of the mud wall (Fig. 13) . The walls were immediately plastered. While it would have been more beneficial to have done this after the walls had dried, to prevent cracking of the plaster as the walls dry, time precluded this. Cracks in the plaster were filled up during the next days. Whereas the preparation of the mudbricks had taken up a considerable amount of time (Table 1) , the laying of the wall was very quick and took less than 2 days.
After this stage, the walls were finished at a height of 1.60 m, were c. 20 cm thick (18 cm on top) and contained around 4 m 3 of mud mixture (Fig. 14) . The making of the walls, including the gathering of the various materials and the mixing of the mud had taken c. 377 person hours, or 11 days with a team of four to nine people (seven people on most days), including one rest day to allow the walls to dry out (Table 1 ).
(7) a low 'ramp' of loose earth was laid around the outside of the walls. The gravel rich sediment dug up from the pit was used for this. (8) an approximately 5 cm thick mud-plaster floor was laid inside the walls, around the cup-hole mortar. This took two people ( plus people to hand them buckets) less than an hour. (9) after the walls had dried for 3 days, the roof was built. Tamarix beams were placed parallel to one another spanning the walls. Four bigger beams of 12-14 cm in diameter and three thinner beams (c. 8 cm) were used. Thin beams, long branches and reeds were placed over these, perpendicular to them (Fig. 15 ). This covered three-quarters of the building, excluding the entrance area at the ramp (to allow visitors to look into and enter the building easily). Mud mix was then applied to weigh the beams and reeds down and, most importantly, to make the roof waterproof (Fig. 16) . As mentioned before, the mud was applied to form a very slight dome shape to allow rainwater to run off the roof and not form puddles. The roof was built in slightly more than 2 days with three people, excluding the gathering of materials for the mud mix on top.
Observations and problems
Materials
In total around 6000 litres of dry sediment, over 2700 litres of straw and almost 3000 litres of water were used to make around 5.5 m 3 of mud. The large Figure 9 Laying of the foundation layer of boulders. ) was used for the walls ( Table 2 ). The ratio which appeared to give the best results was using twice as much volume of sediment as water and plant temper. No sand or gravel was added, as this appeared not to be necessary. In the literature different ratios can be found (e.g. Facey 1997: 114; Fathy 1989; Horne 1994: 162-63; King 1998: 13; Moquin 2000: 104) , which is logical, as different types of sediment need different amounts of temper (see above). Facey (1997: 114 ) noted a use of as much as one, or even one-and-half times, as much water as earth. Adding more water would make the mixing easier, and if the mixture was left to ferment this should make the mix crack less and become stronger and less absorbent as bonding minerals would be released (Facey 1997: 84; Fathy 1989: 90; Rosen 1986: 76; Thomas 2005: 17) . However, time restraints meant that this was not possible in this case, and it is not known if the WF16 inhabitants would have left their mixes to ferment or not. In any case, the resulting mud wall was strong and showed only a few small cracks.
Availability of materials
Sediment, water, wood and reeds were all locally available, whereas wild grasses can be found in the direct vicinity of the site in spring. Nonetheless, water, wood and reeds are nowadays scarce in Jordan, and permission to cut trees and reeds is required at all times (see also Dennis 2003a: 44) .
While even today a perennial source of water is present near WF16, and the Early Holocene probably had a wetter climate in the southern Levant (e.g. BarMatthews et al. 2003; 1997; Goodfriend 1991; Hunt et al. 2004; McLaren et al. 2004; Robinson et al. 2011) , the almost 3000 litres used for the construct would be hard to find today in other areas, such as around Beidha (Dennis 2003a: 44) . Moreover, the building of a large structure, as Structure O75, in the middle of summer is likely to have put a strain on the resources (while in other seasons rainfall, increased humidity and/or lower temperatures would have made the drying process slow). As the Early Holocene was probably wetter than today, and especially because overgrazing and the use of wood for fires for copper smelting had not yet commenced, the supply of wood was probably much less of a problem then than it is now. Some wooded areas are still present higher up in the mountains and it has been argued that access to juniper woodland, evergreen oak woodland, as well as riparian woodland would have been available to WF16 inhabitants (Mithen et al. 2007b) .
Unexpectedly, it proved difficult to find a sufficient amount of suitable sediment, i.e. sediment that contained some, but not too much clay, and some, but not too much sand. Nonetheless, the inhabitants of WF16 would presumably have been very familiar with the area, would therefore have known where to find good sediments, and they would not have been limited to sources accessible by car. Furthermore, even though this is more time consuming, by adjusting the sediment, i.e. mixing different types, removing gravel, or adding clay/sand, a wide range of sediment deposits can be made suitable.
Construction
Several conclusions can be drawn concerning the construction of pisé structures in general and at WF16 in particular. Overall, the method used here, as adapted from ethnographic sources, the archaeological evidence, as well as our practical experimentation, works well and it is probable that PPNA mud walls were built in at least a similar way, using similar materials. Future work sectioning both the experimental walls and WF16 archaeological walls will indicate whether or not the techniques used are indeed the same.
The application of wet mud on the walls had certain disadvantages. Because it was necessary to wait for every layer to dry before applying a new layer, the construction required waiting time. In this time other activities could be conducted: material could be mixed and new raw material could be gathered. However, this does mean that however many people are available to build a structure, there is always the limiting factor of having to wait for the walls to dry. This suggests that even building a relatively small mud structure like this one requires a stay at, or frequent returning to, a site for at least several weeks.
Because of the limited time available for this project and the time of year, new layers were applied when the previous wall layers were still fairly wet. A specific problem occurred, especially at the base of the pit in the southern part, as it was almost constantly in shade, significantly slowing drying in this part of the structure. As a result, even though thinner layers were applied here, the wall started to bulge under the weight of material being added. In addition, because the sides of the pit were not absolutely vertical, the wall thickness increased with height, increasing the volume of material to dry. Because of these two Figure 11 Stepping in of the southern wall, to avoid the wall becoming too thick as a result of bulging of wet walls and sloping edges of the pit. factors, it was decided to step the wall in. This was done twice in the southern, shaded part (Fig. 11) , and once in the northern part. Interestingly, stepped walls had also been found in Structure O11 at WF16. These had been interpreted during excavation as indicating a realignment of the wall; the current study's experimental work suggests a simple pragmatic structural technique may have been responsible for this archaeological feature. In general, the walls of the replica structure sloped out. The pit had slightly sloping sides to start with, which became more pronounced as construction materials were moved in and out of the pit during the building, eroding the gravel pit faces. Although the walls were built with a more vertical inner face, they echoed the general slope. The off-vertical face was exacerbated by the presence of the bulges mentioned above.
As the mudbricks were dried before use in the construction, there were no problems with wetness, bulging and sloping of the mudbrick part of the wall. Although the mudbricks required some time to prepare, the wall could be built quickly. It is therefore not hard to see why the use of mudbrick was later (after the PPNA) more widely adopted instead of the use of pisé.
The floor surface cracked severely during drying. This was probably caused by the absence of plant temper in the mix in combination with the thickness Figure 12 The finished pisé wall (looking north-west), with the ramp on the foreground, and the niche in the west part of the wall.
The different layers are drying in different colours. The stepping in of the wall is visible. of the layer (c. 5 cm). At WF16 no plant temper was observed in floor layers either, but the layers of plaster put down at any one time appear to have been much thinner. It was necessary to construct the replica floor as one thick layer, as time was running out, and this was our main deliberate divergence from the archaeological data. Most floors at WF16 have a thick foundation and a thin plaster, sometimes with several layers, which appear to be more stable and less prone to cracking. In addition, while analysis has shown that WF16 floors and walls were similar in texture (Elliott 2010) , it is possible that the sediment used in the construct has in general more clay than that used at WF16 (this is being tested by ongoing analyses). This was not a problem for the walls, as they contain plant temper, like the walls at WF16, which diminished any cracking. The construction of the roof appears to work well. The beams were laid on top of the walls, where their weight and the weight of the mud on top kept them in place. It is possible that in the WF16 buildings the beams would actually have been set in the upper layers of the wall, as observed in modern mudbrick construction (e.g. Keefe 2005) . Also, in this case the only beams available were bent. While this might have been the case in some PPNA structures as well, this resulted in having to use more mud on top than would have been the case with straight beams, to avoid a concave roof, in which puddles of water might collect and damage the roof. Even though the walls were only about 20 cm wide, they were strong enough to carry the weight of the roof. As other structures at WF16 had walls of either similar or a greater width, and in the absence of postholes, this confirms that the roofs could have been directly supported by the walls. Moreover, the roof and its supporting walls proved strong enough to allow herds of goats and people to walk over it, indicating that it was possible to use such a roof as an activity area (see further below). The roof covers most of the building, but does not cover the ramp entrance and the part adjacent to it, as the entrance way would otherwise have been very low and small. This would probably have been more authentic and weather proof, but would weaken the public presentation aspect of the structure. It is possible that entrances of structures at WF16 were somewhat larger if the walls stood higher than the 1.6 m used here, but a small entrance has also the advantage of keeping heat and cold out of the building.
Work load
Inferences about labour input based on modern experiments can only be approximate, and the more so if fewer aspects of the experiment are authentic. Moreover, skill and experience of participants in the experiment will differ from those of people in the past. In this case, it was not the aim of the experiment to reconstruct the exact time needed to build a Neolithic structure, and we did therefore not attempt to use authentic tools. Therefore, any observations represent minimum hours only, which should be multiplied by an unknown amount to get the time that was needed in pre-modern times. On the other hand, the experience and expertise that people used to building with mud have over that of our team would diminish this gap. Keeping this caveat in mind, we believe that our observations on work load provide some useful basic parameters.
Including the gathering of the materials, more than 560 hours, in total, were spent building the construct over a 3-week period with a team of 3-10 people per day (averaging around 6) (Table 1, see also above). These 3 weeks include time to wait for the walls to dry, although as explained above, this waiting time should ideally have been increased. Because the time needed for the walls to dry is an important factor, the time needed to build a structure will vary with weather and is thus seasonally variable.
As mentioned above, the 562 hours observed here significantly under-represent the time it would have taken to build a structure like this in pre-modern times. For instance, the digging of the pit alone, which took us just over 70 hours, would have taken much longer using stone tools. (A short experiment with a stone maul, similar to those found on site, indicated it would have been hard work getting through the gravel of the knoll.) Another example is the mining and transporting of sediment to the site, which took in this case around 100 hours, less than a fifth of the total time (Table 1) . Unless suitable sediment was present on or very near to the site, this would have taken much more time in the past. Digging sediment without metal tools and transporting it, presumably by carrying it in containers such as baskets or leather bags, would have taken a long time and would have been heavy work (depending on the type of sediment, distance and slope, weather and motivation; Erasmus (1965) reports that as much as over 2 m 3 of sediment, or a third of what we used in total, could be dug by one person with a digging stick and carried by another over 100 m in 6 hours. It is, however, unlikely that this would be possible with the extremely dry and hard, compact sediment in the Wadi Faynan area). It is of course possible that the sediment recovered when the pit was being excavated was used. This does not seem very likely as the natural deposits are very gravelly.
In the walls at WF16 no such amounts of gravel were found, and the sediment from the site itself would therefore have had to be sieved. Moreover, the pisé of WF16 appears too clean to have been made using re-cycled construction and occupation material if the pit was excavated into earlier cultural deposits. The wadi floor was not so deeply incised in the PPNA and the stream would have run closer to the site, but it would require a lot of travelling up and down to transport the c. 3000 litres of water to the site in suitable containers. If the mud mix was made Figure 16 The finished structure in its surroundings (looking north-west). The mud-covered roof is clearly visible. beside the wadi, this very heavy mix would have had to be transported up, and it is therefore likely that the mud was mixed at the site. The work required was perceived as very heavy by the team, comprising experienced archaeological excavators and Bedouin. All aspects involved heavy manual labour: the sediment to mine was often dried out and compact, and mixing the pisé ingredients together was labour intensive. It is possible that in the past more water would be added to the mix, making the mixing process easier, leaving it to dry until the right consistency was reached (as in Thomas 2005) . Nonetheless, that would still require heavy physical labour, and, in addition, the transport of more water.
This minimum amount of labour input has clear implications for the construction of the several larger structures at WF16, such as O45 (5.5 m × 4.2 m), and especially O75. The latter structure measures 22 m × 19 m and has mud-plastered floors and a mud-plastered bench (Finlayson et al. 2011b: 8184; Mithen et al. 2011: 354) . While it would perhaps have been possible, although hard work, to construct a smaller building such as the replica structure with a small group of people in several weeks, the larger structures would have required a larger, presumably communal effort, as well as a greater degree of organization. The work effort put in suggests a commitment to the place; this commitment is further suggested by the need to stay for a prolonged period of time at the site in order to allow the pisé layers to dry before a new layer could be added.
Function
When finished, the structure provided a cool and shady place, even though the roof did not completely cover the interior. With the cup-hole mortar in the middle, it is difficult to find enough space to stretch out to sleep, especially for more than one or two people. As discussed above, it is likely that the entrance would have been very small, not allowing for an easy in-and outflow of people. Therefore, the space does not appear to support the idea that a nuclear family would have lived in it, and it may rather have been a place for activity, presumably involving the mortar, in the shade, and/or storage at some point during the year (see also Flannery 2002) .
After the structure had dried out for a couple of weeks, it was possible to stand on the roof. If indeed the roofs were flat as the evidence suggests, they could provide an activity area. This is also confirmed by chipped-stone fragments found on the surface of collapsed roof segments of Structure O45 at WF16.
The experimental building therefore shows the possibility of the structure as a multi-purpose environment.
Wider implications
The results of the experimental construction based on a WF16 pit building have several implications for our understanding of the role of architecture at WF16 and in the Near Eastern PPNA. Firstly, even though labour input cannot be exactly reconstructed, it is clear that a considerable effort would have gone into building earthen structures. This heavy work, with the additional requirement to frequently return to, or stay over a longer period at the building site, which required commitment to a place and a certain amount of organization. This is especially the case for the building of larger structures, but also for the simultaneous (re)building of several smaller structures (see Finlayson et al. 2011b) . Except for implications for increased sedentism, this corresponds with wider evidence for a sense of community in the PPNA, such as the presence of 'communal buildings' at, for example, Jerf el Ahmar and Mureybet (Stordeur et al. 2000) , and communal storage structures as at Dhra' and WF16 itself (Finlayson et al. 2011a) .
Secondly, the conclusions about the function of the structure have implications for how we reconstruct the organization of PPNA society. The experimental structure is clearly too small to comfortably sleep more than one or two people, especially with the mortar set into its floor. It is also not very easy to enter or leave the structure, and it would have been harder with the smaller opening that the PPNA structure probably had. Taking into account that cultural perceptions of space differ, it is nonetheless very unlikely that such a small building would have functioned as simply a dwelling of a household, as such structures have been traditionally interpreted (e.g. Banning 2003; Watkins 1990 ; see the discussion in Finlayson et al. 2011a) . Rather, the structure appears to represent a multi-purpose environment including a function related to the cup-hole mortar (Finlayson et al. 2011a) . This is in agreement with the overall lay-out of WF16, where one very large structure is present with other structures ranging in size from c. 6 m in diameter to very small, at least some of which appear to have specific functions (Finlayson et al. 2011a; 2011b) . We have interpreted this as indicating a level of community organization, with little indication that individual buildings served as houses for nuclear families (Finlayson et al. 2011b ). This experimental work provides more support for this conclusion. While much variation exists between different PPNA sites, WF16 is not an exception in this respect. At many other PPNA sites, especially in the earlier phases, at least several of the structures are of a similar small size as the experimental structure presented in this paper (Finlayson et al. 2003a; see Hemsley 2008; Kozlowski and Kempisty 1990; Noy 1989; Noy et al. 1973; Samzun et al. 1989) . As suggested by Flannery (2002) , and now confirmed by the construct, this is simply too small to serve as a house for a nuclear family unit. This has important implications for interpreting the Neolithic, but it is beyond the scope of this paper to discuss these in more detail (but see for example Finlayson et al. 2011a; 2011b) .
It has recently been argued that the term 'household' should not automatically be applied to the Neolithic and that instead the use of such terms should be based on evidence (Düring and Marciniak 2006; Finlayson et al. 2011a ). Such evidence is mainly provided by the archaeological record (e.g. Hemsley 2008 ), but it is hoped that this paper has shown that experimental archaeology can also be very informative.
Conclusion and future research
In Wadi Faynan an informative construct was built based on a PPNA semi-subterranean earthen structure from WF16. Sediment, water, reeds and wood were derived locally. Cereal straw and chaff came from further away, but suitable vegetation can be found close to the site, especially in spring and early summer, and is expected to have been more abundant during the PPNA. Therefore, all the required material is believed to have been locally available for the inhabitants of WF16.
The construction method in general worked well. We intend to continue to test its similarity to the original methods used at WF16 by analyzing the modern structure to compare it with the archaeological structures already examined. The multiple-laying of wet mud appears to be the method by which the WF16 walls had been built. The observation at WF16 of stepped walls might indicate that similar problems with drying mud were encountered in the past as was the case with the experimental construction. The construction of a flat roof worked well and provided a solid work space on top of the roof. The only construction feature that diverged from archaeological data was the floor, which at WF16 had probably been laid in several thinner layers instead of the one thick layer used for the construct.
Building a pisé structure by applying wet mud mixture proved to be both labour intensive and physically demanding, requiring a team of on average six people for almost three weeks to complete a small structure. Much more time would have been needed in the PPNA, mainly to dig and transport material without the modern tools and transport that we utilized. The labour required to construct such a small building has clear implications for the interpretation of the larger buildings at WF16, which would have required a substantial, communal effort.
One of the challenges of the experimental construction was to combine research and public objectives. Although a few concessions had to be made, mainly due to limited time available, the public outreach and experimental archaeology aims were well integrated, with a finished structure that both helps to visualize PPNA life for the visitor to Wadi Faynan, and provides valuable information about the ( possible) construction methods of PPNA buildings. It has confirmed that the traditional interpretation-that PPNA structures served as houses for nuclear families-should be questioned.
The structure is being regularly monitored for signs of decay and infill, such as cracks in the walls and roof, washing off of mud from the walls onto the floors and outside surface, possible sagging of the roof, and accumulation of sediment on the floor. This ongoing monitoring of the building will give valuable information on the processes of decay and collapse which will enhance interpretation of the WF16 archaeological remains.
